Introduction
Invasive fungal infection is rare and commonly seen in patients with acute leukemia treated with cytotoxic drugs or in immunocompromised patients treated with broad spectrum antibiotics or corticosteroids. Fungal cardiac involvement is usually reported as endocarditis in the setting of a disseminated infection. On the other hand, fungal myocarditis or dilated cardiomyopathy is an exceedingly rare pathology and is frequently associated with overwhelming septicaemia. The most frequently responsible pathogens are the Candida species (1, 2) . However, the diagnosis is often difficult due to negative blood cultures, ineffective tests and scanty clinical findings of myocardial involvement. Herein, we present a case of dilated cardiomyopathy, myocarditis and endocarditis caused by Candida albicans which was treated successfully with caspofungin.
Case Report
A four-year-old boy, diagnosed with acute lymphoblastic leukemia, was treated by the Acute Lymphoblastic Leukemia Berlin-Frankfurt-Munster (ALL-BFM) protocol and received first remission induction chemotherapy. On the 34 th day of chemotherapy he developed a fever. His leucocyte count was 0.8x10 9 /L, absolute neutrophil count was 0.1x10 9 /L. C-reactive protein (CRP) was 24 mg/dL. Baseline biochemistry was normal. Blood from the port catheter and peripheral vein were sampled for cultures then intravenous empirical broad-spectrum antibiotics were initiated immediately. At this time, negative results were obtained for bacterial cultures. On the 6 th day of fever antifungal therapy was initiated empirically. Serum galactomannan (GM) was screened twice per week and it was negative. Due to lack of availability beta-D-glucan test was not analysed. Amphotericin B deoxycholate (1 mg/kg/day) was initiated as the first line antifungal treatment but on the second day, because of a serious allergic reaction, treatment was switched to caspofungin with an initial loading dose 70 mg/m 2 , followed by 50 mg/m 2 /day. Two days later, Candida albicans isolates were identified in blood as well as in the sample from a central line catheter. The organism was found to be sensitive to amphotericin B but resistant to fluconazole. Despite the intensive antibacterial and antifungal therapy, the general condition of the patient deteriorated. A chest X-ray and high resolution computed tomographic scan of the thorax revealed bilateral nonspecific infitrations. Abdominal ultrasound showed multiple hepatic and splenic nodules supportive of candidiasis. Echocardiogram revealed a dilated left ventricle with impaired contractility; a 0.47x0.63 cm mobile mass on the catheter tip, and two vegetations measuring 1.11x0.82 cm and 0.71x0.96 cm on the right atrial wall (Figures 1, 2 ). Left ventricular diastolic dimension was 4.08 cm, systolic dimension was 3.39 cm with a fractional shortening of 17%. These findings met the definition of definite infective endocarditis according to the modified Duke criteria (3) . The blood culture obtained from portacath tip and vegetation was positive for Candida albicans but antifungal susceptibility testing was not carried out. We decided to maintain antifungal therapy with caspofungin in combination with antibacterial (meropenem+vancomycin) therapy for 6 weeks. The patient's clinical status progressively improved. Blood cultures became negative on the 12 th day of caspofungin treatment. Control echocardiography performed on the 19 th day of antifungal therapy revealed almost complete recovery of cardiac function. Cardiac size and function returned to normal levels for the patient's age and size. Control abdominal ultrasound was performed on the same day and it revealed major regression in size and numbers of hepatosplenic nodules. On the fourth week of treatment hepatosplenic nodules completely disappeared. The treatment was continued until the end of the sixth week. At the end of this 6-week-treatment, physical examination of the child was completely normal. Abnormal echocardiographic, radiological, and ultrasonographic findings were all normalized. Left ventricular diastolic dimension was 3.63 cm, systolic dimension was 2.47 cm with a fractional shortening of 32%. Blood cultures became negative. After 6-weeks of antifungal treatment chemotherapy was reinitiated. Concurrent with chemotherapy oral voriconazole was initiated (4 mg/kg twice daily) to replace caspofungin with a view to maintaining antifungal therapy for a further 3 months. Oral voriconazole was our choice for secondary prophylaxis because the organism was found to be resistant to fluconazole. We initiated voriconazole at a dose of 6 mg/kg twice daily. He completed chemotherapy and did not have any fungal infection or cardiac complication later. He still remains in remission during a follow-up of 13 months.
Discussion
Fungal infection in immunocompromised pediatric patients is a life-threatening complication which affects the prognosis and increases mortality rates. Hematological malignancy, presence of central venous catheters, neutropenia and use of broad spectrum antibacterials are some of the risk factors for invasive fungal infections (4). In neutropenic patients 40% of fungal infections are disseminated and 70% or more of these are fatal despite aggressive antifungal therapy. Candida species are the most frequent causes of fungal endocarditis. Fungi account for 1%-6% of total endocarditis cases (5) . It is usually reported in patients with intravascular prosthetic (1) . Candidiasis and aspergillosis may involve the myocardium and lead to myocarditis. Incidence rates for myocarditis in the setting of disseminated candidiasis range from 10% to 71% (2, 6) . Dilated cardiomyopathy is very rare. In patients who are receiving chemotherapy dilated cardiomyopaty due to cardiotoxic agents is frequently experienced. Since our patient was not receiving high dose of anthracyline and an echocardiography was performed immediately after chemotherapy, the dilated cardiomyopathy was not related to cardiotoxicity of leukemia treatment. It is reported that candida endocarditis is usually diagnosed late after initial valvular colonization and when vegetations reach large sizes. This supports the suggestion that patients with candida bloodstream infection must be evaluated for cardiac involvement by echocardiography. The outcome of invasive fungal infection in pediatric febrile neutropenic patients is closely related to early diagnosis and early initiation of antifungal therapy. In our case the antifungal agent was initiated on the 6 th day of the febrile neutropenia episode empirically. We believe that our early initiation of antifungal agent contributed to the complete recovery very strongly. Studies about optimal duration of antifungal therapy for fungal cardiac infections are very limited. The choice of an antifungal agent in febrile neutropenic patients is still controversal. In Ruping's study, caspofungin is recommended as the first-line and liposomal amphotericin B deoxycholate as the second-line antifungal choices for the empirical treatment of persistently febrile neutropenic patients (4) . Infectious Diseases Society of America (IDSA) 2009 guidelines recommend intravenous amphotericin B with or without 5-fluorocytosine or an echinocandin as first-line treatment for Candida infective endocarditis and valve replacement is strongly recommended (7) . An important limitation of our case was our insufficient antifungal susceptibility tests. Because of the present conditions of our laboratory only susceptibility tests for amphotericin B and fluconazole were studied. We did not know if the isolates of Candida albicans in our patient were susceptible or not to caspofungin and voriconazole. In Wang's study susceptibility to voriconazole and fluconazole was studied and reported that over 94% of the isolates of C. albicans, C. tropicalis and C. parapsilosis were susceptible to fluconazole and voriconazole (8) . In the same study it is also reported that in 31.9% of uncommon Candida species was resistant to fluconazole and voriconazole (8) . However, we did not have a chance to see if the species isolated in our patient was resistant to voriconazole or not. Surgery is mandatory in at least 30% of cases with infective endocarditis (9) . According to guidelines complications where surgery should be considered are acute aortic or mitral regurgitation and congestive heart failure, evidence of perivalvular extension (locally uncontrolled infection), persistant infection after 7-10 days of adequate antibiotic therapy, infection due to microorganisms with a poor response to antibiotic treatment (fungi, Brucella, Coxiella, Staphylococcus lugdunensis), mobile vegetation >10 mm size before or during the first week of antibiotic treatment, recurrent emboli despite appropriate antibiotic therapy and obstructive vegetations (9) . We did not perform cardiac surgery on our patient because the sizes of vegetations were less than 10 mm, he did not have valve involvement and his haemodynamic status did not deteriorate. His clinical cardiac findings were due to myocarditis and impaired contractility. It was not related to valve regurgitation and subsequent congestive heart failure. According to the IDSA, guideline treatment should continue for at least 6 weeks after valve replacement and should continue for a longer duration with perivalvular abscesses and other complications (7) . However, amphotericin itself may cause dilated cardiomyopathy and therefore its use should be carefully monitored (10) . In our case amphotericin was used only for one day hence the cause for dilated cardiomyopathy was unlikely to be a drug toxicity.
There have been some reports of successful treatment of fungal endocarditis with caspofungin (11, 12) . Similarly, in our patient caspofungin was also very effective in controlling the infection, and restoring the cardiac function. The patient recovered from overwhelming fungal sepsis completely and did not require valve replacement. Caspofungin was well tolerated. Duration of antifungal treatment for Candida infective endocarditis, especially for neutropenic patients having induction chemotherapy, is not clear. In addition, there is little data about fungal dilated cardiomyopathy and its treatment albeit in a study a 6-8 week treatment is recommended (1). In the same study the overall mortality rate of Candida infective endocarditis was 46.6% and 66.6% of patients were treated with caspofungin alone or in combination with other antifungal drugs (1). Our patient was treated for 6 weeks with intravenous caspofungin followed by oral voriconazole for the next 6 weeks for a total of 3 months to prevent the probable reactivation after restarting the chemotherapy and we think that this was effective since our patient did not have fungal reinfection. Some of the well-defined adverse reactions of voriconazole are transient visual disturbances usually as photopsia, hepatotoxicity, skin rash usually in sunlight-exposed areas and visual hallucinations (13) . While our patient was using voriconazole we also followed him for these side effects very closely but we did not experience any adverse event during the treatment. Its oral administration was an advantage since we were able to discharge our patient home during this long treatment. Loading regimens in pediatric patients have not been adequately studied but because of the more accelerated metabolic clearance in pediatric patients, the European Medicines Agency recommends a maintenance dosage of 7 mg/kg twice daily in pediatric patients for the attainment of plasma levels comparable to adults' (13) . In our patient we preferred to initiate voriconazole with a lower dose such as 6 mg/kg twice daily and in spite of this we think that it was very effective. Central venous catheters are a major source of entry for candidemia, atypical mycobacteria infection and persistant bacteremia; and therefore, in addition to treatment of the infective conditions removal of the central catheter is also recommended (7) . In our patient the portacath was considered to be the source of the infection and therefore it was removed.
Conclusion
Our case suggested that dilated cardiomyopathy and endocarditis due to candida albicans in immunocompromised patients could be treated effectively with caspofungin and it could be considered as the first line treatment in such patients. However further prospective studies are required to confirm our findings.
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